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> | INVESTIGATIONS ON AN 0.030-SCALE SPACE SHUTTLE VEHICLE 
CONFIGURATION 140A/B ORBITER MODEL 
IN THE AMES RESEARCH CENTER 
9- BY 7-FOOT SUPERSONIC WIND TUNNEL (0A53B) 


By M. E. Nichols, Rockwell International Space Division 
ABSTRACT 


This report documents data obtained in a wind tunnel test of an 0.030- 
scale Space Shuttle Yehicle Orbiter Configuration 140A/B model in the Ames 
Research Center 9- by 7-Foot Supersonic Wind Tunnel. This test was con- 
ducted from 12 November 1973 to 16 November 1973, in 104 test hours. 

This part of test series 0A53 was conducted at Mach numbers of 1.60 
and 2.00 and at Reynolds numbers ranging from 1.0 x 10°/Ft to 4.0 x 10°/ Ft. 

The objective of test series 0A53 was to es .ablish and verify longitudinal 
and lateral-directional aerodynamic performance, stability, and control 
characteristics for the Configuration 140A/B SSV Orbiter. Reynolds number 
sStudics were performed on certain nominal control-setting configurations, 
and examinations were made of the incremental effects of an alternate wing 
‘cading-edge configuration and of a sealed elevon-split construction. 

Six-component fcrce and moment data, base and cavity pressures, body- 

id: . @levon, speedbrake, and rudder hinge moments, and vertical tail forces 


and moments were measured for the Orbiter. 


111 


TABLE OF CONTENTS 


Page 
ABSTRACT 1 
INDEX OF MODEL FIGURES 2 
INDEX OF DATA FIGURES 3 
NOMENCLATURE 8 
CONFIGURATIONS INVESTIGATED Ws 
TEST FACILITY DESCRIPTION i 
DATA REDUCTION : 
REFERENCES é9 
TABLES 
I. TEST CONDITIONS ee 
II. DATA SET/RUN NUMBER COLLATION SUMMARY a 
III. MODEL DIMENSIONAL DATA me 
FIGURES 
MODEL a 
DATA me 
\ PENDIX 


"ABULATED SOURCE DATA 


Figure 


ie 


INDEX OF MODEL FIGURES 


Title 
AXIS systems. 
Body and stability axes 
Definition of Hinge-Moment Direction 
Definition of Angular Measurements 
Model sketches. 
Configuration 140A/B 
Dimensional Data 
Wing Leading-Edge Modification 
Pressure instrumentation. 
Vertical Tail Balance Pressure Orifice Locations 


Base Pressure Orifice Locations 


Page 


40 


4] 


46 
47 








20€-262  Yaganu ‘WHdly saaubag gz aye.qpaads *s}3a443 4eppny 
962-682 NOAZ13 ‘vd (14) SOALJEALUGQ SSAUGALZIAJJ9 UOUALLyY gL “BLY 
88Z-£82 NOY TLV (3) SPIIJSJ UOUT[ Ly Lt “St4 
282-LL2 WHd IV (a) € Jed-FLILYaA LeJOL JO SAALZeALJ|G 4Lq-3e7 gt “bt4 
9/2-tL2 WHd1¥ (a) 2 JARd-BLILYBA LEYCL JO SBALZeALYaG 4tg-7e]7 Gt “BLY 
0£2-S92 WHd IV (a) | JAeg-ALILYaA [eJO] JO SaALzeAL4ag 4IG-3e7 pl “BLY 
792-662 WHd IV (9) € Jed-B9LILyaA [PZO} JO SILZSLuazZIeUeYD ALq-3e1 EL “BL4 
8S2-£S2 WHd 1V (9) Z JAed-ALILYAA LBJOL JO SILZStuazZOeueYyD Atq-7e7 ZL “BbL4 
eSe-Lbe VHd 1 (9) L Aeq-aLILYaA Le2OL FO sOLJStuazZIe4eYyD 4lq-7e7 LL “By 
992-502 NOA313 (9) $399339 FLLdS uoAdLZ patees OL “bL4 
vO2-E€91L AYUgAdS (q) S}I9553 ayeuqpsads 6 “BLY 
Z9L-LZL d¥1409 (a) $}99j433 de_yApog g “Bbt4 
OzL-99 NOA313 (d) $}99443 UOASLA Z ‘614 
$9-0b (y) xLazeW Buim 9 “bty 
6€-tl T/NY (v) $}99443 waquiny sppouxoy | euLpnz:buo7 Gg “bly 
C1-L HIYW (y) BLDLYaA LeZOL JO SDLZStLYaTIeUBY) | PULPNZLHUO7 S "Bis 
S39Vd ONIAUWA. ~~ ~=aingqHoS"sst—i‘(i‘(‘(Cé;‘S!;O;~;~;™;™~™~™;™;™;™!.OO~O!OOO! TN 
101d  SNOILIGNOD S1N3I9144309 INI 4 
G3LL071d — epee. aed 


= ee ee er —_—_—— — 





S3uNDid VLYG 40 X3QNI 









“ptp-€2p——s—<“<i«éi‘iS t‘<i‘Cé‘«*Y?; SJuawoy abutH ayeagpaads se “Bry 
22p-elt WHd IV (x) Jappny saaubag Gz- ‘Ss}zuawow aduty wappny ye “HLY 
Zip-E0b ANGddS ‘WHdW (4) Aappny saaubaq Ol- ‘szuswow abuty sappny Ee “B14 
20b-€6€ AYUGadS ‘VHdTV (4) Aappny seeibeg 0°9 ‘s}zuawoy abulH sappny ze “Bly 
Z6E-L6E dy140g (Cc) SjuawoW abuip dejyApog Le “B14 
O6€-S8E NOAI13 (1) SzuawoW o6ulH UOADIZ Of “BLY 

(saeubeqg Gz = auLjlaseg) 
p8e-LLe WHdT¥ (H) "79a,seq “faq gg SsaAtqeatsaqg ayeuqpaeds 62 “614 

(sveubheg cz = autlaseg) 
9/€-69€ WHd 1 (H) "3991590 “Bag gg ‘SaALzeALUag axeuqpaeds gz “bL4 
S9E-£9€ WHd Ty (9) (SZ - $8 = SQ) $3995 ayeuqpaads jequawessUT = /2 “BL4 
Z9E-LGE WHd1¥ (9) (SZ ~- S$ = SQ) $299g49 axeUuQpaads ,equauWes.UT 92 “BL4 
9SE-6£E Yaad (9) SJDa4sJ Byeuqpeeds gz “by 
8EE-LEE WHd Ty (4) saaubaq gg ayxeuqpaeds ‘saAtzeALuag 4sappny = pz “bty 
O€€-EZE 4d SWHdTy¥ (4) saaubaqg Gg ayeuqpaads ‘saAizeAtsag wappny Ez “BL 
2CE-GLE WHd1V (4) saaubaqg Gz ayxeuqpaads ‘saAtqzeAluag sappny zz “B14 
ylL€-60€ WHdT¥ (9) caaubaq gg ayeuqpaads *s290433 seppny {2 “bly 
BOE-EOE YRGGNY ‘WHdTy ‘D) Saaubag gz ayeugpaads ‘s}2aj343 4eppny oz “B15 
—-§39Wd ONTAUWA 31NG3HIS JILIL  YIGWwhN 
101d  SNOILIGNOI SINJI9144309 JUNI 4 

qg1101d 





Panulz~uoy) S3YNDIS VLVG 40 XSQNI 








90S- L6tv WHa lV (A) saaubag Gz = axeiqpaads *49e77y 

yO aj buy snsuap S}UuawOW abuLH [aueg ueppny 

06¢-L8t NOAJ14 (Mn) 49e33y 

yO apbuy snsuaq squawow abuly Laueg uoAaLy 

98b- LBP VHd TV (1) "sbaqg OZ- = UOAaLZ ZYbLy ‘suoLzIeuaQU] UOUa{ Ly 

08¢-SZLt WHd1¥ (1) ‘shag Gl = uoAa_y qYybLy ‘suolzIeuaqU] uoual Ly 

plp-Elp WHd WW (S) Juawoy abuty 

dejsApog uo u01{d9149q UOUaLLy JO 399353 

ZLb-€94 WHd1V (uy) }UdWOW 

oButy woppny uo UOLZIALJaG UOUdLLYy 4O 399533 

29b- LOY WHd IV (0) Saaibag gz = ayeuqpaeds ‘ JUsWOW 

abutyH de[JApog uo UOLZIa1[49ag YOppNy 4O 2994557 

09-SSt WHd1V (d) saaubaq GZ = axeugpaads ‘uaWOW 

96uLH UOAALZ UO UOLZDAL Jag YappNy JO 7995459 

vSt-6tP VHd TV (0) soaubaq ¢s = ayeuqpaads 

“dL [SAPLS SNSuaA SPEOT LLeL jeILIUDA 

Stb-Sbr VHd TV (0) saaubeaq gz = ayeuqpaeds 

“dL LSA@PLS SNsSusA Speoy [LPL LePILZUDA 

brp-Lbv VHd 1V (N) saaubaqg GZ = 31eugpaads 

*ELOL LeDLQUaA UO UOLZIA[JAq Yoppny JO p5e449 

Obi-Stt VHd1V (W) LEC] LeILJUBA UO UOLPIAL JAG UL. FlLy ,7 290557 

S39Vd ONT AUVA 31NdG3HIS ; FULT 
101d SNOT LIGNOD SLN31I9144509 

q31101d 





(panutzuo9 


S3uNDI4 vivd 40 XZONI- 


te ere ee ee et em 8 re SE 


9p ‘bty 
Gp “B14 
py “bt; 


fy “614 


zp “6ty 


tp “bby 


Op ~6t4 


6 “B14 


ge ‘“Bbt4 


—_——— 


YSCANN 
-. Wd 


— oe - 





WHd ly SMS4aA 13978) “LIGNAD ‘VL3SAD = () 
WVi3d SMS49A 199 “NAD “AD = (9) 


WHd Ty SAS48A L4WWOd “GM4W90 “N90 ‘EWo0 ‘490 ‘v90 ‘a20 ‘19a 
qd) snsuaa 7) 


GMAN1) SNS4aA ND 
WHd IW SMS49A 1/d9X ‘0/7 ‘LSYWID SGM4IW19 ‘ND SdvV9 S3W9 ‘WO ‘409 ‘a2 ‘I0)~= (9g) 


QQ) snsuaa 7) 
GMAW 1) SNSAVA NZD 
WHdTty SMs4ad *7/q3X *d/7 SL4VW19 SGMJW19 ‘ND ‘dvd ‘4vd ‘vd ‘4aQ9 ‘ad ‘£19 (v) 


*G3LL0%d SLNSTII44909 40 FINGIHIS 








saoubag gs = ayeuqpeeds ‘aj buy 





ZvS-61LS WHd lv (A) Ct {Saprs snsuaAq Zuawoy abuiy Leueg sappny jg “bry 

SLS-ZLS WHd TV (0) Saaibaq gg = ayeuqpaeds ‘juswow abuLy 
de, sApog uo u01399{ 40g wappny jo 399539 OG “614 

9iS-LLS WHd IV (d) saaubag sg = ayeuqpaads ‘jUSsWOW 
e6ulH UOAG{Z UO U0LZ93/42aq 4aPpNYy 40 292539 Gp “B14 

OLS-Z20S WHd lV (N) saaubeaq gg = a,euqpeads 
“{LeL [BILQUaA UO UOLZIA( Jaq YappNy 4O 429453 Bp “HLy 
S39Vd ONIAUWA JING3HIS IWLIL YSEWNN 
01d SNOILIGNOD S1N319144509 jUNII4 


Q3110 Id 
Ppanutzuoy) S3YNNIIA VLvd 40 X30NI 








(F) 
(G) 
(H) 
(1) 
(J) 


(Wl) 


INDEX OF DATA FIGURES (Concluded) 


CY, CYN, CBL versus ALPHA 

OCY/DR, DCYNDR, DCBLDR, DCLMDR versus BETA 
DCY, OCYN, DCBL versus BETA 

DCY/DS, DCYNDS, DCBLDS, DCLMDS vers:- BETA 
CHET, CHEI, CHEO versus ALPHA 

CHBF versus ALPHA 

CHR, CHUL, CHLL, CHUR, CHLR versus BETA 
CHSB, CHUL, CHLL, CHUR, CHLR, DCHDSB versus ALPHA 
CYV, CYNV versus AILRON 

CYV, CYNV versus RUDDER 

CYV, CYNV versus BETA 

CHET, CHEI, CHEO versus RUDDER 

CHBF versus RUDDER 

CHR, CHUL, CHLL, CHUR, CHLR versus AILRON 
CHBF versus AILRON 

CHET, CHET, CHEO versus ELEV-L 

CHET, CHEO versus ALPHA 

CHUL, CHLL, CHUR, CHLR versus BETA 

DCY/NA, DCYNDA, DCBLDA, DCLMDA versus ALPHA 


Symbo | 


SADSAC 
Symbo | 


Body Ax1s 
CN 


CA 
CAF 
CLM 
CY 
CYN 


CBL 


Stability Axis 
CL 

cD 

CLM 


CLN 


CSL 


Stability Axis 


CLF 


CDF 


NOMENCLATURE 


Definition 


normal-force coefficient 
axial-force coefficient 


forebody axial-force coefficient 


pitching-moment coefficient 
side-force coefficient 
yawing-moment coefficient 


rolling-moment coefficient 


(Coefficients utilizing C, 


lift coefficient 
drag coefficient 
pitching-moment coefficient 


stability yawing-moment coefficient 
Stability rolling-moment coefficient 
(Coefficients utilizing Cae? 
forebody lift coefficient 


forebody drag coefficient 


L/D 
Lp/O, 


RH/ ft 


TTAV 


CMF 
L/D 
LF/DF 
XCP/L 
ALPHA 
BETA 


MACH 
PO 


PT 


Q 
RN/L 


TTAV 


Vertical Tail Data 


Body Axis 


CNV 


CAV 


MV 


CYV 


CYNV 


CBLV 


forebody pitching-monent coefficient 
lift-to-drag ratio 
forebody lift-tc-drag ratio 


longitudinal center of pressure location of 
total vehicle,percent reference body length 


angle of attack, degrees 
angle of sidesli«, degrees 
free-stream Mach number 


free-stream static pressure, psia 
total pressure, psia 


free-stream dynamic pressure (psf) 


unit Reynolds number, per foot 


average total temperature, deg. R 


vertical normal-force coefficient 


vertical axial-force coefficient 


vertical pitching-moment coefficient 


vertical side-force coefficient 


vertical yawing-moment coefficient 


vertical rolling-moment coefficient 


Pressure Coefficients and Pressure Corrections 


CPBI 


CPB 


CPSCJ 


CPSC 


CAB 


CASC 


Hinge Moments 


CHR 


CHE] 


CHEO 


CHET 


CHUL 


CHLL 


CHUR 


CHLR 


pressure coefficient for individual base pre: 
sures 


average base pressure coefficient 


pressure coefficient for individual sting-cavity 
pressures 


average sting-cavity pressure coefficient 
bese axial-force coefficient 


sting-cavity axial-force coefficient 


rudder hinge-moment coefficient 


inboard elevon hinge-moment coefficient 


outboard elevon hinge-moment coefficient 


total elevon hinge-moment coefficient 


rh an hinge-moment coefficient (upper 
left 


a a hinge-moment coefficient (lower 
left 


speedbrake hinge-moment coefficient (upper 
right) 


speedbrake hinge-moment coefficient (lower 
right) 


1n 


7 

Py 
fp 

Pit ee 
Vy 


a ak 


CHBF 


CHSB 


CPV] 


CPV2 


CPV3 


CPV4 


CAVB 


XCPV/L 


ZCPV/L 


4 


bodyflap hinge-moment coefficient 
total speedbrake hinge-moment coefficient 


pressure coefficient for Py 
| 


pressure coefficient for Py 
2 


pressure coefficient for Py 
3 


pressure coefficient for Py 
4 


vertical tail base axial-force coefficient 


longitudinal center-of-pressure location 
of vertical tail forces 


vertical center-of-pressure location of vertical 
tail forces 


pressure on vertical tail at stations 1, 2, 3, 4 
respectively, psia 


> beet Ae 7S 


ME WD 


MAFT 
Sey 
AC, 
ACh 
AC 
ACAe 
ACA, 
stn 
‘CmeyD 


Ama gy 


ACh 


CLMFWD 
CLMAFY 
ELEV-L 


DCL 
DCD 
DCA 
DCAF 
DCAB 
DCN 
DCMFWD 
DCMAFT 
DCY 
DCYN 
CCBL 
DCY/DS 


DCYNDS 


NOMENCLATURE (Continued) 
ADDITIONS TO NOMENCLATURE 


pitching moment coefficient (FWD C.G.} 


pitching moment coefficient (AFT C.G.) 


left elevon deflection 


incremental 
incremental 
incrementa ] 
incrementa|] 
incrementa] 
incremental 
incremental] 
incremental 
incremental 
incremental 


incremental 


lift coefficient 

drag coefficient 

axial force coefficient 

forebody axial force coefficient 

base axial force coefficient 

normal force coefficient 

pitching moment coefficient (FWD C.G.) 
pitching moment coefficient (AFT C.G.) 
side force coefficient 

yawing moment coefficient 


rolling moment coefficient 


Side force coefficient derivative with respect to 
speed brake deflection. Algebraic difference of the 
side force coefficient of two runs divided by the 
algebraic difference of the speed brake angle of 
the runs; per degree. 


yawing moment coefficient derivative with respect to 
speed brake deflection. Algebraic difference of the 
yawing moment coefficient of two runs divided by the 
algebraic difference of the speed brake angle of the 
runs; per degree 


l2 


Av 
a 


DCBLDS 


DCLMDS 


DCLMDA 


DCLMDR 


DCHDSB 


DA 


DE 


DR 


OBF 


AILRON 


NOMENCLATURE (Continued) 


rolling moment coefficient derivative with respect 
to speed brake deflection, Algebraic difference of 
the rolling moment coefficient of two runs divided 
by the algebraic difference of the speed brake 
angle of the runs; per degree. 


pitching moment coefficient derivative with respect 
to speed brake deflection. Algebraic difference of 
the pitching moment coefficient of two runs divided 
by the algebraic difference of the speed brake 
angle of the runs; per degree. 


pitching moment coefficient derivative with respect 
to aileron deflection. Algebraic difference of the 
pitching moment coefficient of two runs divided by 
the algebriac difference of the total aileron 
deflection angle of the runs; per degree. 


pitching moment coefficient derivative with respect 
to rudder deflection. Algebraic difference of the 
pitching moment coefficient of two runs divided by 
the algebraic difrerence of the total rudder 
deflection of the runs; per degree. 


speed brake hinge moment derivative with respect to 
speed brake deflection. Algebraic difference of the 
speed brake hinge moment coefficient of two runs 
divided by the algebraic difference of the speed 
brake deflection angle of the runs; per degree. 


algebraic difference of aileron deflection angle 
between two runs; degrees. 


algebraic difference of elevon deflection angle 
between two runs; degrees. 


algebraic difference of rudder deflection angle 
between two runs; degrees. 


algebraic difference of body flap deflection angle 
between two runs; degrees. 


aileron, total aileron deflection angle, degrees, 
(left aileron - right aileron)/2. 
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BDFLAP 
ELEVON 
RUDDER 
SPDBRK 


NOMENCLATURE (Concluded) 


body flap, surface deflection angle; degrees. 
elevon, surface deflection angle; degrees. 
rudder, surface deflection angle; degrees. 


speedbrake, split rudder inclusive deflection 
angle between outer surfaces; degrees. 


CONFIGURATIONS INVESTIGATED 


The Configuration 140A/B Space Shuttle Vehicle Orbiter was the subject 
of the 0A53 test series. An 0.030-scale Orbiter model was employed. Sealed 
elevon-split and alternate leading-edge investigations were carried out. 
Various elevon, aileron, bodyflap, speedbrake, and rudder control settings 
were applied. 

The following nomenclature designated model components : 

Component Description 


140A/B fuselage (VL70-000149A, VL70-000145, VL70-000140B, 
VL70-000143A, VL70-000139) 


Co 140A/B basic canopy (VL70-000140A, VL70-000143A) 

Fy 140A/B bodyflap (VL70-000140B, VL70-00200) 

M. OMS/RCS pods for 140A/B Orbiter 

Nog OMS basic nozzles for 140A/B configuration 

Ve Basic Orbiter vertical tail (VL70-000146A) 

Re Basic Orbiter rudder (VL70-000146A» VL70-000095 ) 

Wr 16 Basic 140A/B wing (VL70-000140B, VL70-000200) 

i 5, Basic 140A/B elevons (VL70-000200, VL70-006089, VL70-006092) 
Mey Alternate leading edge wing configuration (VL70-000219, 


VL70-000200, VL70-006089, VL70-006092) 
Reference dimensions and constants for Orbiter data were: 


Syi ‘bo | oe eas Value 
Ap (see below for base areas) va B. 0.298472 Ft° 
l= 
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A. Sting-cavity area ULOsO70 1S" 


b Reference wing span 68.10U4 iPgn 
eo Reference MAC 14.246 inches 
fy Reference body length (IML) 38.709 inches 
Sy Reference wing area 2.4210 Ft’ 

Xoe Longitudinal length, nose to moment re- 25.25] inches 


ference center 


Yo Lateral length, plane of symmetry to Q.000 Inch 
moment reference center 
Log Vertical length, FRP to moment reference -~Q.750 inch 
center 
Ce Elevon chord 2.7210 inches 
Cp Rudder chord 2.2110 inches 
Cop Speedbrake chord 2.2110 inches 
Cee Bodyflap chord 2.541 inches 
SF Reference elevon area 0.18900 ft’ 
Sp Reference rudder area 0.090135 Ft! 
Sop Reference speedbrake area 0.090135 tt? 
he Reference bodyflap area 0.12834 Ft’ 


Orbiter Base Area (ft) 


Ap 0.050764 
] 


Ap (OMS) 0.087153 
2 


.033333 


. 060069 


.028472 


. 03868] 


’ 
awe 


A BTR MO ese 


Beprme 


TEST FACILITY DESCRIPTION 


The Ames Research Center 9- by 7-Foot Supersonic Wind Tunnel is 4 
clesed-circuit, air-medium, variable-density facility capable of attaining 
Mach numbers from 1.55 to 2.50 at Reynolds numbers from 1,5 x 10°/Ft ae 
ener, 107 The 18-foot-long test section is part of a dual system of 
Supersonic circuits and uses the same motors and compressor as the &- by 
7-foot tunnel. A sliding-block throat arrangement is used to control tunne! 


Mach number. 


Models are supported by means of stings attached to the wall-to-wal | 


strut/BUR system of the 9- by 7-foot tunnel. 


Schlieren photograph, shadowgraphs, and pressure monitoring instrumen- 


tation are available. 
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DATA REDUCTION 
A. Data Reduction for the Orbiter 


Standard ARC methods were used to compute coefficient data. 

One set of body- and two sets of stability-axis data are used. The 
first stability-axis data set has the axial-force coefficient corrected 
to the base pressure, whereas the second stability-axis data set has the 
axial-force coefticient corrected to free-stream pressure. 

The following outputs are some of those required for data presentation. 


Pressure coefficient was computed for each pressure (P, ) as follows: 
j 


ate 





where 


Pp = pressure at base orifice 1 
1 
Po = free-stream static pressure 


q 2 free-stream dynamic pressure 
Pressure coefficient was computed for each sting-cavity pressure 


Pc? as follows: p 
Cp 


where 


Poo. -@ pressure at sting-cavity orifice j 
j 


Average (area-weighted) base pressure coefficient was computed as follows: 


C : Pa- Po 
Pa q 
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- tr cae dcop iaaliaalte m Le oe | 
a nn > « 


where 


and 
6 = number of base pressures 


Pe = pressure at base orifice 1 
i 

Ap = area assigned to base orifice 1 
i 


Average (numerically averaged) sting-cavity pressure coefficient was 


computed as follows: 


where ¢ p 


and 
2 = number of sting-cavity pressures 


Poe = pressure at sting-cavity orifice j 
“J 


Base axial-force coefficient was computed as follows: 
~[C, (Ap) + Cy (Ag,)] 
a Pp B Poe Sc 
—_S—— 
AB W 
where 
Ap = area of base (total) 


Age = area of sting-cavity 


Sy = wing reference area 
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Sting-cavity axial-force coefficient was computed as follows: 
ge 
Asc q Sy 
Axial-force coefficient adjusted to the average (area-weighted) base 
pressure was computed as follows: 


Cy = hy - 


C 
Asc 


where 


Cy = axial-force coefficient unadjusted for base 
U or sting-cavity pressures 


Axial-force coefficient corrected to freestream static pressure 
(forebody axial-force coefficient) was computed as follows: 
C, =C, -C 
Ar Ay AR 
Center-of-pressure location, in percent of reference body length was 


computed as follows: 


where 


Xeg 7 center-of-gravity location aft of model nose 


f, * reference body length 
Lift-to-drag racios, based on each of the two sets of stability axis 
data were computed as follows: 
bot 
Dp ee based on C, 


2] 


C 


F 
= » based on C 
oe AF 


ahr 


Rudder hinge-moment coefficient was computed as follows: 


HM 


R 
C 2 
Hp Sep 
where 
HM, = HM + HM - HM - HM 
R SB SB Bip SBi p 


Inboard-elevon hinge-moment coefficient was computed as follows: 
mee 
“He” @S—te 
I 
Outboard-elevon hinge-moment coefficiert was computed as follows: 
me 
“He” a See 
0 


Total elevon hinge-moment coefficient was computed as follows: 


Speedbrake hinge-moment coefficient was computed as follows: 


SB 
C = 
H q 3c, & 
3B, SB ~SB 


where k = two upper and two lower speedbrake panels 
Bodyflap hinge-moment coefficient was computed as follows: 


HMa 5 
C ea 
Hee = Sup Boe 
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B. Data Reduction for Vertical Tail Instrumentation 


Standard ARC methods were used to compute six-component data. 

The data were reduced to coefficient form using the wing area (S.)> 
wing chord (c.), and wing span (b.). Moments were determined about the 
balance center, and then transferred to the modcl C.G. 


Pressure coefficients were computed for vertical] base pressures, Py 


and Py as follows: 


Pressure coefficients were computed for vertical cavity pressures, 


P, and P,, as follows: 
V3 Va 


V3,4 
Vertical tail base axial-force correction was computed as follows: 
-((C =C.. )-Aga+ C A, ] 
Ev Wet ee ME 
C _ 2 3 1 
= 
N ; 


Vertical tail axial-force coefficient corrected to freestream pressure 


was computed as follows: 


where 


C, = vertical tail axial-force coefficient 
Vy unadjusted for base pressures 
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Center-of-pressure locations on the vertical tail were computed as 
follows: 


C b 

, = 0G - _"vBopy_™ 
Py ' 
VBODY 


(where "BODY" means "body-axis") 


Cy b 
W 
 , 2g + —¥800" 


C 
cP YVBoDY 


Pressure coefficient for each extra "monitoring" pressure (Py ) was 
j 
computed as follows: 


Reference dimensions and constants for the vertical tail were: 


Symbol Comments Value 
AV, See figures 0.00625 Ft? 
Ay, See figures 0.01326 Ft’ 
Sy Given in previous section 

b, Given in previous section 

Lp Given in previous section 

Xog Given in previous section 

Leg Given in previous section 
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TABLE IT. 


a ae wa a a try 
TEST = OA5 3B | IDATE I}-te-73 


TEST CONDI TIONS 














REYNOLDS NUMBER 


MACH NUMBER (per unit length) 


DYNAMIC PRESSURE STAGNATION TEMPERATURE 
(pounds sq. iach) (degrees Fahrenheit) 


1.93 ‘ 120. 


er me 


: 4.37 | 120 


A eres 


6.22 120 














BALANCE UTILIZED: 2.5" Mk XX 
CAPACITY: ACCURACY Ea aaReL. 
NE 3000 1b _ 
NA 3000 Tb eee eee eT: 
SF 1500 1b 
SA 1500 1b 
R 4000 in-Ib 


X 600 Ib 
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TABLE II1. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT :__BOPY - Bog 
GENERAL DESCRIPTION _ Orbiter fuselage configuration 1hoa, RO 


NOTE: Be6 identical to Beb except underside of fuselage refaired to 
accept W116. 





mah. 9) B11 CRS, OY: 0" Deda © FL 2 EARN Ree a nT a ee 
DRAWING NUMBER = _YL70-000139, VL70-QO0140A, VL70-QOGL4OB. VL70-N00143A, 


VL70-000145 


DIMENSIONS FULL SCALE MODEL SCALE 


Length (Body Fwd Sta X =235) - In.1293,.3. 38.799 (OML ) 


Mox Width (@ X, = 1520) - In. BeOS Oe e060: 
Max Depth (@ x, 1464) - In. 29.0 i 0 
Fineness Ratio icieeeOOR sa OleG357 
Area - Ft es 0 eee 
Max. Cross—Sectional 340.9862 _ 0.30679 
Planform eee Sere 
Wetted i late 
Base Re ae ner Se a gO a re 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : CANOPY - Cg 
GENERAL DESCRIPTION : _ Configuration 140 A/B orbiter fuselage canopy 








~MODEL SCALE: 0.030 00 
DRAWING NUMBER’ .VL7Q-QO01]40A, VL70-00014 3A 


DIMENSIONS 


Length (X, = 434.643 to 578)-In. 


Max Width (@X, = 513.127) 


Max Depth (@ X, = 485.0) 


Fineness Ratio 
Area 


Max. Cross—Sectiong] 


Planforn 


Wetted 


Base 


3] 


FULL SCALE 


14 


L5e 412 


25.000 


i 





LT 


MODEL SCALE 











ee Pen Ae 4 


TABLE I]1]. ~ MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT 


BODY FLAP - i, 


or a Be 


de ~ oe 


——_ 


GENERAL DESCRIPTION Configuration 140 A/B body flap 


-MODEL SCALE: O.O3Q 





DRAWING NUMBER = _VLTO-OOOLHOB, VL70-000200) 
DIMENSIONS FULL SCALE MODEL SCALE 
Length - In. ey ee 254k 
Max Width - In. 202.308 (7 BOQOK 
Max Depth - In. _ 24.000 Q.69000 
Fineness Ratio 
Areo - Ft® ears eee! 
Max. Cross-Sectional nee 
Planform 15855350 _. —W142a7 
Wetted a 
Base 41. 89642 0.03771 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :__OMS PODS = Mp 
GENERAL DESCRIPTION __ Configuration 140 A/B OMS Pods 








_MODEL SCALE: 0.030 





DRAWING NUMBER _____vL70-Q00140A, VL70-000]145 


DIMENSIONS FULL SCALE 


Length (OMS Fwd Sta. X ,=1233.0( In.) 327.000 


Max Width (@ x = 1450.0) - In. ——lb 5 
Max Depth (8X, = 1493.0) - In. 109.000 


Fineness Ratio 





Area 


Max. Cross—Sectional 


Planform 


Wetted 


ECE ES 
ea ee er, 
a eS 


Base 
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MODEL SCALE 


9.810 


: 


3.270 


HL) 


get aed 
“ 


TABLE TIT]. - MODEL DIMFNSIONAL DAT’ - Continued. 


MODEL COMPONENT: NOZZLES - Nog 


a AS A Oa, Rr I a VR ER AE nl Re —_— me eee 


GENERAL DESCRIPTION: Configuration 140 A/B OMS ss 


tee ae a ae ss ey ape 





MODEL SCALE: 0.030 

DRAWING NO.: VL70-OO00L4OA 

DIMENSIONS: FULL SCALE = MODEL SIC LE 
Gimbal Origin 


Fuselage Sta. - In. 


es ree ree ee i ee i a ee te 


X 1518 ee hee 
Y + _ 88.9 ook 
z 92.0 14.76 
Null Position 
Pitch 15°49" ey) ee 
Yaw — 12°17 | ee ee 
Gimbal Range 
Pitch 
Outboard oe. Lo. 
Yaw 
Outboard 2 SN, sewigely 
Inboard ___ 2930" 2030 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICAL - Vg 


GENERAL DESCRIPTION: 


Configuration 140 A/B vertical tail. 


NOTE: Similar to V5 with radius on T.E. upper corner and L.E. lower 


corner where vertical meets fuselage. 


MODEL SCALE: 0.030 


DRAWING NUMBER: VL70-000140A, VL70-OOO1LK6A 


DIMENSIONS: 


TOTAL DATA 

Area (Theo) - Ft” 
Planform 

Span (Theo) - In. 

Aspect Ratio 

Rate of Taper 

Taper Ratio 


oweep-Buck Angles - Degrees 
leading Edge 
Trailing Edge 
0.25 Element Line 


Chords: 
Root (Theo) WP 
Tip (Theo) WP 
MAC 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


Airfoil Section 
Leading Wedge Angle - leg. 
Trailing Wedge Angle - Deg. 


Leading Edge Radius (Min.) - In. 


Void Area 


Blanketed Area 
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FULL SC/LE MODEL SCALE 





45.00 00 
25, 
1.130 n 
_268 8.05500 
105.470 3.25810 
199 .60756 5. 99h2 
1463. 5a 
ee 520 i Oo 500 
10.00 10 .00 
14-920 14.920 
2.00 0.060 
13.17 0.01185 
0.0 0.0 


TABLE LIL. - MODEL DIMENSIONAL UATA - Continued. 


MODEL COMPONENT: RUDDER - Ro 


GENERAL DESCRIPTION: 


140_A/B configuration per Rockwell 
YL70 -000095 ° 


SS Ta eye Sore Sse heegy nen renpeaprverenhae 


wine 3 





ae a ar ee 


MODEL _S 


DRAWING NUMBER: ~VL70-000095.. VL70-000146A 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 
Area - rt® 106. 38 _oag674 
Span (equivalent) - In. 201.0 6.0300 
Inb'd equivalent chord- In. 91.585 2 ThT55 
Outb'd equivalent chord- In. 50 .833 1.52499 
Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 0.400 0.400 

At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 

Leading Edge 34.63 34.83 

Trailing Edge 26.25 26.25 

Hingeline 34.83 34. 83 


Area Moment ‘Norma) to hinge line) Ft? 526.13 0.91420 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: — WING-W.. 


© antec rer a eS a A A ISS SSS ES CSS 


SENERAL DESCRIOTION: Conriguration L4O A/B basic wiry. 








c (od 4 ae nedra e is 
mee —— dd ED Or trading Ses Of wig 
Sant FI eet i RR) 11/00 00) tS a 
wes Nos OWG. NO. vi7Q-a0 0000 
DIMENSIONS ; FULL=-SCALE MODEL SCALE 
TOTAL DATA 2 
Area (:neo.)- Ft 
Oo lan*orm 20U0 00 2.4210 
Span .Theo)-In. 938 OY) 283.0045 
Aspect Ratio 3.09 2.205 
Rate of Taper 177 L.1T7 
Taper Ratio 9.200 9.200 
Dinedral Ancie, degrees 3. 00 3-500 
Incidence Angie, degrees QO. QO. 
Aerodynamic Twist, deyrees +3. + 3.000 
Sweep 3ack Ang.es, degrees 
Leading Ecge 45.00 45.00 
Trailing Eage - 319,25 - 19,056 
0.25 Element Line 35 209 35.209 
Chords: 
Root ae B.P.0.0- 689.2429 20.6772a 
Tip, Tneo B.P, 1 Dabo re 
h SL SEW ate 
Fus. Sta. of .25 MAC ll2o.72! 3.20103 
W.P. of 620 MAC pl jan § $3000. es 
B.L. of .25 MAC en tse 3259) 1 pcdOS 
EXPOSED DATA 2 
rea (ineo) - Ft 1391.2..2205 1.03910 
Span, (Theo) - In. BP108 Tia bile 22,.10045 
Aspect Ratio EG. te:: _. 4058 
Taper Ratio es ep uS) 245) 
Chords 
Root BP108 Da be’ 30 L7L1L869 
Tip 1.00 > Bes PRT o Ln PO — 13554 
MAC G 354 376 0.02713 
Fus. Sta. of .25 MAC bios 237 34.9272) 
WeP. Of .25 MAC 222. .90 B.768000 
B.L. of .25 MAC 39 OT Yo 719034 
Airfoil Section (Rockwell Mod NASA) 
XXX X64 
ies ‘ ee eS Se po Pe 6 ees 
Tip d= 2 Oates. nme 
4 oo) a 
data for (1) of (2) Sides 
Leading Edge Cuff 4 ; 
Planform Area = Ft 7 ge 3319 BUSY! 
Leading Edge Intersects Fus M, L. @ Sta 15009 
Leading Edge Intersects Wing @ Sta we — 321.9500 
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TABLE LII. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: 


GENERAL DESCRIPTION: 


0110) oR SY ee ee ee ee 


—Configuration-lLhoa/b Orbiter Hlevens———— 


ee? 2) iho) 28. & Uc) ee ee a ee, Oe ee 





MODEL SCALE: 0.030 MODEL DRAWING. ¢3-400148._RELRASR & 


DRAWING NUMRER: 


DIMENSIONS : 


Area - Ft 

Span (equivalent) - In. 

Inb'd equivalent chord - In. 
Outb'd equivalent chord - In. 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tatling Edge 
Hingeline 
Area Moment (Normal to hinge line) re 
Mean Aerodynamic Chord - In. 
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VL7Q=000200,. VL70-006089, VL70-006092 


FULL-SCALE MODEL SCALE 
210.0 0.1890 
349.2 10.476 
318.004 3. 540 
554192. 1.656 
__.0..2096 0.20906 
9.4004 0.4004 
2:00 0.00 

- 10,056 - 10.056 
9:00. 0,00 
1587.2 2,005670__ 

90.70 2.721 





a 


uo howe meet ow we ay 
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-™ 
, 
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TABLE III. - MODEL DIMENSIONAL DATA ~- Concluded. 


MODEL COMPONENT ; WING=" , 
GENERAL DESCRIPTION: Taentical to Wo except for modified leading edge as show 








ura 2c. - - 
MODEL, SCALE: 0,030 
TEST NO. DWG. NO. 3 P 
~000219, -906092 
DIMENSIONS: FULL~SCALE., MODEL SCALE 
TOTAL DATA 3 
rea (Theo.) Ft 
Planform 2690.0 2 42) 
Span (Theo In, 936.ARS 28.100 
Aspect Ratio 2.245 2.265 
Rate of Taper 1177 L177 
Taper Ratio 0.200 Q.200 
Dihedral Angle, degrees 3,500 3.500 
Incidence Angle, degrees 9.500 9.500 
Aerodynamic Twist, degrees + 3.000 +_3.000 
Sweep Back Angles, degrees 
Leading Edge 5.000 5.000 
Trailing Edge 210.056 - 10,056 
0.25 Element Line 35.209 - 35.209 
Chords: 
iat pTnee cent 689.243 20.677 
Pe eo) 5.?. pale 4. 
MAC O12 Tan 
Fus. Sta. of 25 HAC eT 
e # 0 @ e 8. i 30 
B.L. of .25 MAC REED 5 620 
EXPOSED DATA ' 
rea e0 Ft ‘ 
Span, (Theo) In. BP108 181s - 62 - 22,100 __ 
Aspect Ratio 2,058 2.058 
ee Ratio . 0.245 O.2k5 
s 
Root BP108 ; 570.423 1,431 
Tip 1.00 g ~1-37—-851~ eds 36 ace 
MAC pa OLX 10-627 
Fus. Sta. of .25 MAC 116.227 35,077 
WP. nf oe ve 292 .C 8,760 
B.L. of .25 MAC web A78_. i es ee 
Airfo1] Section (Rockwell Mod NASA) 
XXXX~64 
aes : | amano) 3. 113. 
Tip g = poms ° VO + Sane nes *-S 
Data for Ss oe acs 
Leadin e Cuff 
planform-Area. Ft? “arms 
Leading Edge Intersects Fus M. L. @ Sta 15.150 
Leading Edge Intersects Wing @ Sta ae 24535 
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Lael. 


a ed 


PR WER te +. 


RUDDER AND SPEEDBRAKE s 
/ 


BODY FLAP NWINGE-MOMENTS 


bt. Definition of Hinge-Moment Directions 
Figure 1, - Continued 
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RUDDER AND SPEED BRAKE J 


DEFLECTIONS (PARALLEL TO FRL) \ 
Sap = Blpsagoe 





ELEVON DEFLECTIONS bp = +15.0° 
Sap =-11.7° 
a 
SS -- BODY FLAP DFFLECTION:: 
Se 
4. SS 
= 1528.3 
Xo épr = +16. 3° 


c, Definition of Angular Measurements 


Figure 1. - Concluded. 
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DATA FIGURES 
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